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CHARGING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electrical charger for 

use in an image formation apparatus such as an electro 
photographic printer, facsimile, or a copying apparatus. 

2. Description of the Related Art 
Conventionally, the image formation apparatus of an 

electro-photographic printer and the like a corona discharge 
device for charging a surface of an image carrier such as a 
photo-sensitive body in a process cartridge of the electro 
photographic printer. The corona discharge device is advan 
tageous for uniformly charging the surface of the image 
carrier up to a predetermined potential. 

Alternatively, a brush electrical charger can also used. In 
the brush electrical charger, a charging member is brought 
into direct contact With the photo-sensitive body to be 
charged. A roller charger and a ?lm charger are further 
alternative types of contact type electrical charges. 

Here, the voltage applied to the contact type chargers may 
be only DC voltage or DC voltage in combination With AC 
voltage. 

HoWever, the aforementioned conventional chargers have 
various problems. In the case of a charger using the corona 
discharge, there is a problem that oZone is generated around 
the charger. From the vieWpoint of the boundary, it is 
preferable to suppress the oZone generation to a minimum. 
On the other hand, in the case of a contact type charger 

that can suppress oZone generation, application of DC 
voltage loWers the charging uniformity in comparison to the 
corona discharge type charger. Especially in the high reso 
lution range of 600 dpi (dots per inch) or above, ?uctuations 
in resistance as Well as in the contact state prevent to obtain 
a uniform charging, thereby causing undesired lines in a 
half-tone image. 

Moreover, in case of chargers using DC voltage in com 
bination With AC voltage, the charge uniformity is improved 
in comparison to the case applying only DC voltage. 
HoWever, if the frequency of the AC voltage is too loW, a 
Moire image is generated. To avoid this, it is necessary to set 
the AC voltage frequency at a suf?ciently high value. More 
speci?cally, the AC voltage frequency should be set at a 
value greater than the number of dots made to pass by 
rotation of the photosensitive body through a particular 
position of the charger per unit time, so that charging is 
carried out in a high frequency region. HoWever, When such 
a high frequency AC voltage is applied, there is a problem 
that the charger causes a noise due to vibration. 

Japanese Patent Publication (uneXamined) A-7-98534 dis 
closes as means for suppressing charge nonuniformity, an 
AC voltage frequency F de?ned by a formula as folloWs: 
FZRXS, Wherein R represents the resolution (dots/inch) and 
S represents the photo-sensitive body speed (inch/second). 
The frequency de?ned by this formula becomes a high 
frequency Wave in case of high resolution, increasing the 
aforementioned problem of noise. 

Japanese Patent Publication (uneXamined) A-7-281503 
discloses a brush type charging apparatus capable of elimi 
nating a stripe-shaped black paint at a position correspond 
ing to a pinhole present on a photo-sensitive body or a brush 
trace due to a uniform potential on the photo-sensitive body 
in half-tone printing. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a contact type charging device capable of increasing the 
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2 
charge uniformity by applying a loW frequency AC voltage 
over a DC voltage so as to suppress the noise generation in 
a charger and eliminate a moire in a half-tone image Which 
is generated When the loWer frequency AC voltage is applied 
over the DC voltage. 
The charging device according to the present invention 

comprises: an electric charger that is in contact With an 
electrostatic latent image carrier and applies a predetermined 
voltage to the electrostatic latent image carrier; and a poWer 
source consisting of a DC poWer source and an AC poWer 
source for applying a DC voltage in combination With an AC 
voltage to the electric charger, Wherein the AC poWer source 
has a frequency of a predetermined value corresponding to 
a latent image to be formed on the electrostatic latent image 
carrier. 

In the charging device according to the present invention, 
it is preferable that the frequency F (HZ) of the AC poWer 
source be in a range de?ned by S><R/D<F<400, Wherein S 
(inch/sec) is the surface circumferential speed of the elec 
trostatic latent image carrier, R (dot/inch) is the resolution of 
an image, and D (dot) is the number of dots in a basic pattern 
When forming a half tone image. 

According to another aspect of the present invention, the 
DC voltage is a predetermined value in a range from 0.5 to 
1.4 kV. 
According to yet another aspect of the present invention, 

the AC voltage has an amplitude of a predetermined value 
equal to or above 300 V. 

According to still another aspect of the present invention, 
the AC voltage has an amplitude of a predetermined value 
equal to or beloW 1000 V. 

In a printer for digital printing, a basic pattern of dot 
matriX for a half-tone is a set of dots such as 8x8 or 10><10. 
If converting into a frequency the number of the basic 
patterns passing over the electric charger during an image 
formation, the frequency F can be eXpressed as folloWs: 
F=S><R/8, F=S><R/10, Wherein R (dot/inch) is the resolution, 
and S (inch/sec) is the speed of the photo-sensitive body 
speed. This is the frequency for dot passing that is divided 
by the number of dots contained in a horiZontal or vertical 
direction of the basic pattern. 
When applying an AC voltage to the electric charger, if a 

frequency greater than this frequency of the half-tone basic 
pattern is applied, it is possible to improve the charging 
uniformity and to reduce or eliminate moire. In the loW 
frequency region satisfying this condition, it is also possible 
to suppress the generation of noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a voltage applied to a charger by a poWer 
source of a charging device according to the present inven 
tion. 

FIG. 2 is a cross-sectional vieW shoWing an image for 
mation apparatus that employs the electric charger used in 
the present invention. 

FIG. 3 shoWs a con?guration of the charging device 
according to the present invention. 

FIG. 4 shoWs a half-tone basic pattern of 8><8-dot matriX. 
FIG. 5 shoWs a half tone basic pattern of 10><10-dot 

matriX. 
FIG. 6 shoWs eXamples of relationships betWeen the 

linear speed of the electrostatic latent image carrier surface, 
resolution, AC voltage frequency, and Moire image accord 
ing to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Description Will noW be directed to an embodiment of the 
present invention With reference to the attached draWings. 
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FIG. 3 shows a charging device 21 according to the 
present invention comprising an electric charger 1, a DC 
power source 13 and an AC poWer source 15 that are 
connected to the electric charger 1. The DC poWer source 13 
and the AC poWer source 15 apply to the electric charger 1 
a voltage as shoWn in FIG. 1. Here, the AC poWer source 15 
has a predetermined frequency corresponding to a latent 
image formed on an electrostatic latent image carrier 100. 
More speci?cally, the frequency F (HZ) is in a range of 
S><R/D<F<400, Wherein S (inch/second) is a circumferential 
speed along the surface of the electrostatic latent image 
carrier 100, R (dot/inch) is the resolution of an image to be 
formed, and D (dots) is the number of dots in a basic pattern 
When the image to be formed is in half-tone. 

FIG. 2 is a cross-sectional vieW of an image formation 
apparatus using the charging device 21 according to the 
present invention. The image formation apparatus com 
prises: the electrostatic latent image carrier 100 having a Se 
photosensitive ?lm as an organic photosensitive compound 
(OPC) formed on an aluminium pipe; the electric charger 1 
in contact With the surface of this electrostatic latent image 
carrier 100; exposure means 2; development means 3 for 
supplying toner 7 to the surface of the electrostatic latent 
image carrier 100; a transfer roller 11 for transferring a toner 
image developed onto a paper or the like; ?xation means 12 
for ?xing the transferred toner; and a cleaner 13 for remov 
ing unused toner. 
Aminus voltage is applied to the electric charger 1 so as 

to charge the surface of the electrostatic latent image carrier 
100 With minus electricity. An electrostatic latent image (not 
depicted) is formed by the exposure means 2 on the surface 
of the charged electrostatic latent image carrier 100. More 
speci?cally, as shoWn in FIG. 3, the electric charger 1 is 
connected to the DC poWer source 13 and to the AC poWer 
source 15. The DC poWer source 13 applies a constant 
voltage to the electric charger 1. Moreover, the AC poWer 
source 15 applies to the electric charger 1 AC voltage over 
the DC voltage. Accordingly, the voltage applied to the 
electric charger 1 ?uctuates by the amplitude of the AC 
voltage above and beloW the DC voltage. 

The exposure means 2 uses a light source such as a laser, 
LED, or liquid crystal. The light source is driven according 
to an image data to form an electrostatic latent image on the 
electrostatic latent image carrier 100. The development 
means 3 includes: a toner port 10 having a toner carrier 4 and 
a supply roller 5; a regulation blade 6; toner 7; mixing 
member 8; and a toner hopper 9. 

The toner 7 as the development agent is introduced by the 
mixing member 8 to the supply roller 5. This supply roller 
5 is made from a conductive or insulation urethane or 
silicone foamed body, aluminium, or the like. The toner 7 is 
then introduced to the toner carrier 4. The toner carrier 4 is 
made from silicon rubber, urethane rubber, nitrile butylene 
rubber, natural rubber, urethane and silicon foamed body, or 
the like Which has been subjected to a surface treatment. 

The toner 7 Which has been introduced to the toner carrier 
4 is regulated by the regulation blade 6 so as to be applied 
onto the surface of the toner carrier 4 as a uniform thin layer. 
The regulation blade 6 is made from a metal such as stainless 
steel, phosphor bronZe, nickel silver, and the like. Here, the 
toner 7 is charged by friction. 

The toner carrier 4 is subjected to a voltage With polarity 
identical to that of the toner 7. The charged thin-layered 
toner 7 on the toner carrier 4 is faced to the electrostatic 
latent image carrier 100 and adhered by the electric ?eld to 
the electrostatic latent image on the electrostatic latent 
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4 
image carrier 100, after Which development is performed to 
form a toner image. 

The toner image on the electrostatic latent image carrier 
100 is transferred by the transfer roller 11 onto a recording 
medium P such as an OHP sheet or a postcard. The toner 
image is ?xed by the ?xation means 12 onto the recording 
medium P to obtain an image. The ?xation means 12 melts 
the toner 7 by heat and ?xes the toner onto the recording 
medium P With a predetermined pressure. 

Moreover, as shoWn in FIG. 3, the electric charger 1 is a 
brush type including a brush portion 1a and a conductive 
substrate 1b supporting the brush portion 1a. The brush 
portion 1a is made from a conductive rayon ?ber having a 
speci?c electrical resistance of about 1><104Q~cm and a 
thickness of 6 denier. 100 ?laments of this conductive 
rayon ?ber are made into a single pile This pile is Woven 
With a density of about 105(F/inch2). The brush portion 1a 
has a length L=132 mm (Width direction of the recording 
medium), Width W=6 mm, and height H=5 mm. 
The brush portion 1a may alternatively be made from a 

synthetic ?ber such as polypropylene, acrylic, nylon, 
polyester, polycarbonate, and polyvinyl alcohol ?ber. 
Moreover, the conductive substrate 1b may be a metal such 
as stainless steel, iron, copper, and aluminium, or semicon 
ductor engineering plastic. 

In this embodiment, the electric charger 1 is a ?xed type. 
HoWever, the electric charger 1 may alternatively be a brush 
roller, a charge roller, a conductive ?lm, or the like. 

Next, explanation Will be given on actual image formation 
using the aforementioned charging device 21. The electro 
static latent image carrier 100 Was set to a surface circum 
ferential speed of 44 mm/sec and 90 mm/sec. The AC 
voltage frequency applied to the electric charger 1 Was 
changed in each of the speed values to test for generation of 
Moire images and noise as Well as charging non-uniformity. 
FIG. 6 shoWs the results of this test. 

Using the circumeferential speed S of the electrostatic 
latent image carrier 100, the resolution R of the image to be 
formed, the number of dots D of the half-tone basic pattern 
17, 19 (see FIG. 4 and FIG. 5), a frequency F Which does not 
cause moire is calculated from the aforementioned formula 
[R><S/D]. Here, explanation Will be given as to Why division 
by D (the number of dots of the half-tone basic pattern) is 
necessary. 
When the resolution of the image to be formed is R (dot 

per inch) and the circumferential speed of the electrostatic 
latent image carrier 100 is S (inch/sec), actually R><S dots 
per second pass over the electric charger 1 during rotation of 
the electrostatic latent image carrier 100. This can be 
expressed in frequency as folloWs: R><S 

HoWever, as shoWn in FIG. 4, When a half-tone is to be 
expressed in an image formation apparatus performing a 
digital printing, the dot matrix usually has a basic pattern of 
8x8 or 10x10. The basic pattern 17 shoWn in FIG. 4 consists 
of 8 dots in the horiZontal and the vertical directions. In this 
case, it has been found that no Moire image is generated if 
the AC voltage frequency is greater than the number of basic 
patterns 17 Which pass over the electric charger per unit 
time. 
The quality of the image formed Will not be deteriorated 

When the frequency is divided by the number of dots D in the 
horiZontal or vertical direction of this basic pattern 17. For 
example, the basic pattern 17 formed as a matrix of 8x8 dots 
D can be converted into a frequency F as folloWs: F=R><S/8. 
Moreover, When the number of dots D is 10x10, the fre 
quency is calculated as folloWs: F=R><S/10. In other Words, 
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it is possible to reduce the frequency calculated by R><S 
doWn to Vs or 1/10. 

By overlapping a frequency greater than the frequency of 
this half-tone dot matrix, it is possible to improve the 
charging uniformity and make any Moire image less promi 
nent as Well as to suppress the generation of noise in such a 
loW frequency region. 

For example, When the electrostatic latent image carrier 
100 has a circumferential speed S=17.3 (inch/sec) [44 
mm/sec], theoretically, no Moire image Will be generated at 
69 HZ or above for a resolution of 400 (dot/inch), or at 103 
HZ or above for a resolution of 600 (dot/inch). Moreover, 
When the electrostatic latent image carrier 100 has a cir 
cumferential speed S=3.54 (inch/sec) [90 mm/sec], 
theoretically, no Moire image Will be generated at 212 HZ 
for the resolution of 600 (dot/inch). 

These theoretical calculations are supported by the actual 
test results given in FIG. 6. That is, When the circumefer 
ential speed S=17.3 (inch/sec) and the resolution is 400 
(dot/inch), a Moire image and charge non-uniformity are 

slightly generated if the AC voltage frequency is 70 HoWever, When the frequency is set to 100 HZ, no Moire 

image is generated. Moreover, When the circumferential 
speed S=3.54 (inch/sec), and the resolution is 600 (dot/inch), 
a Moire image and charge non-uniformity are slightly gen 
erated if the AC voltage frequency is 200 HZ. HoWever, if 
the frequency is set to 300 HZ, no Moire image is caused. 

The aforementioned results Were obtained by setting the 
DC voltage and the AC voltage at predetermined values. 
Similar results Were obtained When the DC voltage applied 
to the electric charger 1 Was changed in a range from —0.6 
to —1.4 kV. Similar results Were also obtained When the AC 
voltage amplitude Was changed in a range from 300 V to 
1000 V. 

As for the noise generation betWeen the electric charger 1 
and the electrostatic latent image carrier 100, the test results 
shoW that noise is generated When the frequency is in a range 
of about 400 HZ. Accordingly, by setting the AC voltage 
frequency at a maXimum of 400 HZ, it is possible to solve 
the problem of noise. Consequently, if the resolution is 600 
(dots/inch) or so, no Moire image is caused, and no noise is 
generated from the electric charger. 
As has been described above, in the charging device 

according to the present invention, the poWer source con 
nected to the electric charger consists of a DC poWer source 
and an AC poWer source for applying a DC voltage in 
combination With an AC voltage to the electric charger. The 
frequency of the AC poWer source is set to a value corre 
sponding to a latent image formed on the electrostatic latent 
image carrier. More speci?cally, the AC poWer source 
frequency F (HZ) is in the range de?ned as folloWs: S><R/ 
D<F<400, Wherein S (inch/sec) is the surface circumferen 
tial speed of the electrostatic latent image carrier, R (dot/ 
inch) is the resolution of the image, and D (dots) is the 
number of dots in a basic pattern When the image to be 
formed is a half-tone image. 

With the aforementioned con?guration, even When form 
ing a half-tone image, no Moire image is caused. Simulta 
neously With this, by applying an AC voltage of 400 HZ or 
so to the electric charger, an eXcellent effect can be obtained. 
That is, the electric charger Will not cause an undesired 
noise. 
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6 
Moreover, by setting the DC voltage to a predetermine 

value in a range from 0.5 to 1.4 kV, and the AC voltage 
amplitude to a predetermined value from 300 to 1000 V, it 
is possible to obtain a high-quality image. 

The invention may be embodied in other speci?c forms 
Without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes Which come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

The entire disclosure of Japanese Patent Application No. 
10-018733 (Filed on Jan. 30th, 1998) including speci?cation, 
claims, draWings and summary are incorporated herein by 
reference in its entirety. 

What is claimed is: 
1. A charging device comprising: 

an electric charger that is in contact With an electrostatic 
latent image carrier and applies a predetermined volt 
age to said electrostatic latent image carrier; and 

a poWer source consisting of a DC poWer source and an 
AC poWer source for applying a DC voltage in com 
bination With an AC voltage to said electric charger, 

Wherein said AC voltage has a frequency corresponding to 
a level of half-tone of a latent image to be formed on 
said electrostatic latent image carrier. 

2. A charging device as claimed in claim 1, Wherein said 
frequency F (HZ) of said AC voltage is in a range de?ned by 
S><R/D<F<400, Wherein S (inch/sec) is a surface circumfer 
ential speed of said electrostatic latent image carrier, R 
(dot/inch) is a resolution of the latent image, and D (dot) is 
a number of dots in a basic pattern forming the half-tone 
latent image. 

3. A charging device as claimed in claim 2, Wherein said 
DC voltage is a predetermined value in a range from 0.5 to 
1.4 kV. 

4. A charging device as claimed in claim 2, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or above 300 V. 

5. A charging device as claimed in claim 4, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or beloW 1000 V. 

6. A charging device as claimed in claim 1, Wherein said 
DC voltage is a predetermined value in a range from 0.5 to 
1.4 kV. 

7. A charging device as claimed in claim 6, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or above 300 V. 

8. A charging device as claimed in claim 7, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or beloW 1000 V. 

9. A charging device as claimed in claim 1, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or above 300 V. 

10. A charging device as claimed in claim 9, Wherein said 
AC voltage has an amplitude of a predetermined value equal 
to or beloW 1000 V. 


